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ABSTRACT 
 
Constructability is an approach that links the design and construction processes, which can 
lead to significant savings in both cost and time required for completing construction 
projects. Improving constructability of construction projects is the responsibility of all project 
stakeholders: owners, designers and contractors. The owners have the most authority in 
enforcing implementation of constructability, therefore their role in constructability 
improvement of construction projects is the most important. Project owners must be aware 
that the decisions that are made in the initial stages of planning and design are difficult and 
costly to change once construction begins. This paper describes a study how construction 
project owners integrate construction knowledge and experience into planning and design in 
existing practice; and their role in improving constructability. The methodology chosen to 
find the answers to these questions was to use case studies. Interviews, conducted using 
structured questions, were used as the main method of data collection in the case studies. 
The study shows that project owners in Indonesia do have some understanding of the 
importance of constructability. The method of constructability input is determined by the 
project owners’ selection of project delivery approaches. Any project stakeholders can 
provide constructability inputs. However, involving contractor personnel early in the project 
can identify major problems that may be encountered during the construction phase and 
leads to the greatest improvements in project performance. 
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1.0 INTRODUCTION  
 
1.1 THE CONSTRUCTION INDUSTRY IN INDONESIA 
The construction industry in Indonesia is relatively young. However, it has grown 
significantly since the early 1970s. Its contribution to GDP increased from 3.86% in 1973 to 
above 8% in 1997. It constituted about 60% of gross fixed capital formation. The number of 
people has increased significantly, from 413,000 in 1978 to about 4.2 million in 1997. 
Although it experienced a contraction of almost 40% in 1998, due to the economic crisis in 
the country, it has started to grow again since then. Many construction projects are awarded 
on a competitive basis using the traditional approach. In this approach, professional 
designers and constructors are engaged in separate contracts. The contractors are usually 
not involved until the designs have been completed. The separation of design from 
production in the construction process has led to a certain amount of isolation of the 
professionals from technical development in construction industry (Wells 1986). This 
division has also been suggested as being responsible for the lack of constructability of the 
construction projects (Griffith 1984), which was cited as a reason for projects exceeding 
budgets and schedule deadlines (Construction Industry Institute Australia 1992). By 
separating construction from design the function project stakeholders are ignoring 
opportunities of significant savings in project cost and completion time resulting from the 
careful interaction of planning, design, and engineering with construction (Tatum, Vanegas 
et al. 1986).  
 
1.2 CONSTRUCTABILITY DEFINED 
The concept of constructability in the US and the equivalent concept of buildability in the UK 
emerged in the late 1970s. It evolved from studies into how improvement can be achieved 
to increase cost efficiency and quality in the construction industry.  It is an approach that 
links the design and construction processes. In this paper constructability is defined as ‘the 
optimum use of construction knowledge and experience in planning, design, procurement, 
and field operations to achieve the overall project objectives’ (Construction Industry Institute 
1986). It emphasizes the ability to construct and the importance of construction input to all 
project phases. The Construction Industry Institute (CII) in the US has developed 
Constructability Concepts to stimulate thinking about constructability and how to make it 
work. The CII has also shown benefits of implementing constructability, especially in terms 
of project cost and schedule. In implementing improvement in constructability, the study by 
the Australian Construction Industry Institute (Francis and Sidwell 1996) suggests that it is 
important to consider the uniqueness of the construction industry in a specific country. 
 
Improving constructability of construction projects is the responsibility of all project 
stakeholders: owners, designers and contractors. However, as the owners have the most 
authority in enforcing the implementation of constructability, the owners’ awareness of the 
benefit of improved constructability is the most important. Construction project stakeholders, 
especially owners, must be aware that the decisions which are made in the initial stages of 
planning and design are difficult and costly to change once construction begins. This paper 
describes a study of construction project owners in Indonesia which explorer their current 
constructability practices and its impact on the project performance. This study was 
conducted using a questionnaire survey. 
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2.0 DESCRIPTION OF THE CASE STUDIES 
 
2.1 PROJECT DEVELOPMENT FOR ‘JABOTABEK’ RAILWAY FACILITIES (CASE 
STUDY A) 
In Indonesia, the Department of Transportation is responsible for the development of 
transportation infrastructure such as ports and railway as well as their related facilities. As 
part of the railway infrastructure development in the Jakarta-Bogor-Tangerang-Bekasi 
(Jabotabek) area, the Department of Transportation has set up a project management 
group responsible for managing that project from conceptual planning to completion. This 
organisation reports to the Director General of Land Transportation under the Ministry of 
Transportation. 
 
The main function of this organisation is to coordinate the railway infrastructure 
development for public transportation within the nation capital, Jakarta, and its regional 
area, ie Bogor, Tangerang, Bekasi (Botabek). It has the following tasks: 
• Prepare the program and planning for an integrated Jabotabek railway system in 
accordance with the government master plan for railway infrastructure development; 
• Prepare the engineering design for construction, the terms of reference for 
consultancy services, and the engineering specifications for materials and 
equipment; 
• Prepare the pre-operation planning, which includes human resources training and 
development, for a modern and reliable railway system; 
• Execute the program and development planning for the integrated Jabotabek railway 
system. 
 
The Jabotabek railway development project is a multi-year project, commenced in 1997 and 
scheduled to be completed in the year 2005. The estimated total project cost is Rp. 1634 
billions, with the detailed project components as follows: 
• Railway track and crossing 9.7% 
• Signalling system improvement 31.2% 
• Electrification 9.3% 
• Railway station improvement 8.6% 
• Depot and workshop 1.9% 
• Double tracking 3.8% 
• Elevated railway 25.8% 
• Train procurement 5.8% 
• Others 3.9% 
 
Each project component is to be bid and awarded in separate contracts. The interview was 
conducted with the project manager for one of the project components, the construction of 
the rain operation control system of the western and eastern lines. 
 
The main funding for the project comes from the OECF, Japan, which is providing 73.6% of 
the total project cost. The other overseas funding is from the France Protocol, which is 
contributing 12.5%. The Indonesian government is to contribute the other 13.9%. As is 
typical for public sector projects, this project is using the traditional approach where the 
construction contractor is not involved until the design is completed. 
 
2.2 SEPINGGAN AIRPORT PROJECT DEVELOPMENT (CASE STUDY B) 
As described earlier in this section, the Department of Transportation is responsible for the 
development of transportation infrastructure such as ports and railways as well as their 
related facilities. The Sub-directorate for Airport Engineering under the Directorate General 
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of Air Transportation is responsible for coordinating airport facility development, including 
the development of Sepinggan International Airport in Balikpapan, East Kalimantan. As the 
project owner representative, this sub-directorate is responsible for the management of the 
project from its conception to completion. A project team was established to manage the 
delivery of the project.  
 
The interview was conducted with the Head of the Sub-directorate for Airport Engineering. 
Therefore, the information obtained covers only general issues on constructability at the 
company level. 
 
2.3 16KM FUEL PIPELINE - KALTIM PRIMA COAL (CASE STUDY C) 
PT. Kaltim Prima Coal (KPC) is a multinational mining company operating in Sangatta, East 
Kalimantan. Typical projects that KPC builds are heavy engineering/infrastructure projects 
for mining operations. As the mine is already in operation, most of the current construction 
works are relatively small both in size and value. For the year 2000, the estimated 
construction project value is only US$ 1.5 million, with the typical size of individual projects 
being between US$ 50,000 and US$ 100,000. 
 
One of the construction projects that was completed by KPC as part of the development of 
its facilities was a 16km fuel pipeline. This project was delivered using a design-construction 
approach, and was awarded to the main contractor using a lump-sum contract. The contract 
value was US$ 2.1 million, and scheduled construction time was 9 months. The interview 
was conducted with the contract mining manager. 
 
3.0 CONSTRUCTABILITY ISSUES  
 
3.1 EXISTING CONSTRUCTABILITY EFFORTS  
Most of the respondents were not familiar with constructability as a concept as described by 
CII or CIIA. However, in delivering their projects they had actually performed some 
constructability activities. Table 1 summarises the constructability efforts of the respondents.  
 
In the public sector, many construction projects are delivered using the traditional approach. 
In this approach, constructability or general construction inputs are provided by in-house 
personnel or by consultant personnel. In the case of the Jabotabek railway development 
project, a constructability review was part of the project management consultant’s scope. 
The project management consultant also acts as the constructability coordinator and carries 
out constructability orientation for the other project team members. They report to the 
Project Manager. The Head of the Sub-directorate for Railway Construction can be 
categorised as the executive sponsor for implementation of constructability. Constructability 
is usually treated in combination with other project activities such as value engineering. 
Reviews of constructability issues are also included in the monthly project team meeting. 
This program or procedure for constructability is implemented on all project components. 
 
Another approach to improve constructability in the public sector projects is by setting up a 
technical team to assist project managers with engineering and construction matters. This 
team typically is appointed by the related department or directorate general. In the case of 
the Sepinggan airport project, which is under the Department of Transportation, the 
technical team was appointed by and reports to the Director General for Air Transportation. 
The director general can be defined as the executive sponsor for the implementation of 
constructability. The technical team consists of experienced construction personnel from the 
Department of Transportation and the user, in this case a state-owned company that 
manages the operation of the airport. The team acts as the constructability coordinator and 
is responsible for providing construction input in all phases of the project. The consultation 
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between the project team and the technical team is reported in the weekly and monthly 
progress reports. At the completion of the project lessons learned during its execution are 
recorded and reported in the project final report. The technical team performs 
constructability reviews in most projects, especially those funded by foreign loans, as most 
of them are multi-year projects and require good coordination with many other institutions. 
This is typically performed in combination with other project activities such as value 
engineering. However, it is not common to appoint a technical team for projects that are 
funded purely through government budgets.  
 
Table 1 Constructability efforts 
 Case Study A Case Study B Case Study C 
General 
constructabil
ity effort 
- Constructability 
review is included as 
the scope of Project 
Management 
consultant 
- A technical team appointed 
by the department to assist 
the project team for all 
engineering and 
construction matters.  
- Lessons-learned from the 
project are recorded for 
future projects 
- Constructability as 
part of the risk 
assessment program 
- More focus on safety 
than on cost savings 
- It is more exception 
than the rule 
Implementa-
tion of 
constructabi-
lity 
- Combined with other 
programs such as 
value engineering 
- Included in owner 
reviews during 
monthly project team 
meeting 
- Contractor feedback 
- Implemented to all 
project components 
- Combined with other 
programs such as value 
engineering 
- Included in owners’ 
project report 
- Contractor feedback 
- Implemented on most 
projects funded by 
overseas loans 
- Not common on projects 
funded through 
government annual 
budget 
- Combined with other 
programs such as 
value engineering 
- Depends solely on 
the person 
responsible for the 
project 
- Contractor feedback 
Constructabi
lity sponsor 
Head of Directorate for 
Railway Transportation 
Director General for Air 
Transportation 
None 
Constructabi
lity 
coordinator 
Project management 
consultant for the 
duration of the project 
Technical team for the 
duration of the project 
None 
 
 
At KPC, constructability is approached as part of the risk assessment for construction during 
the planning stage. It is more a safety approach, although cost savings are also achieved. 
However, its implementation depends solely on the person responsible for the project, and it 
is more the exception than the rule. In the implementation, constructability is treated in 
combination with other project activities such as value engineering. There is no 
constructability program either at the company level or at the project level. 
 
3.2 SOME CONSTRUCTABILITY ISSUES  
Typical constructability issues that have been identified by the respondents are summarised 
in Table2.  
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Table 2 Some constructability issues identified in the interviews 
Project respondent Case Study A Case Study B Case Study C 
Periodic reviews of 
specifications  
Yes, for selected projects  Yes No 
Communicate lessons-
learned from previous 
projects 
- Not in all projects. 
- Done through project 
coordination meeting 
Included in project final 
report 
Through project 
management 
training 
Improving design to 
aid construction 
practices 
- Joint review by 
consultant, owner and user 
- Adjustment to field 
condition 
Construction feedback - 
Works that are 
standardised or done 
repeatedly 
Most of the works Airport layout - 
Problems with 
dimensional tolerances 
- Material dimension 
problems due to the lack 
of local sources 
- 
Reduce physical 
interference 
- Use pre-fabrication 
system 
- 
Area where pre-
assembly can simplify 
construction 
- - Hanger construction 
- Drainage pipe 
- Steel bridges 
- Pile foundations 
- 
Constraints for timely 
flow of information  
Coordination with other 
institutions  
Communication 
problems due to 
language barriers 
- 
Improvement in 
procurement 
- Identify local sources for 
construction material 
- 
Major sources of 
reworks 
- - Lack of skilled labour  
- unpredictable weather 
condition 
- 
Innovative 
construction 
techniques employed 
- Use of micro-piles to 
strengthen existing 
column 
- 
Area to implement 
labour-intensive 
method 
railway construction - landscaping 
- excavation 
- 
 
All companies included in the case studies have maintained lessons learned from 
completed projects. These lessons learned were usually included in the project final report, 
and they were communicated to other company’s staff through project meeting, project 
management training and project presentation. Web based database has also been used to 
maintain and communicate lessons learned. 
 
Periodic reviews of specification were done by most of the respondents in the case studies. 
At PT. Kaltim Prima Coal, the constructability approach was more the exception than the 
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rule. Therefore there is no specific effort in improving constructability on their projects. 
Improving design to aid construction practices was also done for improving constructability. 
One of the case studies respondents has used a computer-added design (CAD) software to 
improve constructability of its design. Other common activities that have been done in an 
effort to improve constructability of their projects were standardisation of some construction 
works, improvement in procurement, use of innovative construction technique and 
implement labour-intensive methods. Labour intensive methods usually were used for works 
that are big in volume but do not require high skill. The works are performed on the ground 
and are usually not related to architectural finishing. Some examples of the works that are 
done using labour intensive methods include railway construction, sewer construction, 
paving block installation, ground reservoir construction and septic tank construction. 
 
Coordination and communication problems, particularly during planning and design phases, 
were common constraints for timely flow of information from design to the field. Designers in 
different engineering disciplines are concerned only with their own area, and almost always 
coordination is poor. It is not uncommon to find discrepancies during the construction 
period. As a result some works have to be stopped until a solution is found/agreed. This has 
also been identified as one of the sources of reworks. Other sources of reworks were 
inconsistency in the performance of construction personnel or lack of skilled labour. 
 
4.0 IMPROVING PROJECT CONSTRUCTABILITY  
As explained in the description of the case studies, the interview on the Sepinggan airport 
project case study was conducted with the Head of the Sub-directorate for Airport 
Engineering. Therefore, this case study is not included in the review of constructability 
improvement at the project level. 
 
This section discusses implementation of improvement in constructability at the project 
level. It begins with a discussion on participation of project stakeholders in constructability 
activities. This is followed by discussions on implementation of constructability in planning, 
design, and procurement as well as construction phases of the project. 
 
4.1 PARTICIPATION IN CONSTRUCTABILITY ACTIVITIES  
The traditional approach, which is the typical project delivery method for the public sector, 
limits the involvement of contractor personnel in the pre-construction phases. In this case, 
constructability inputs are provided by project management consultants or by a technical 
team appointed by a related department. The design-construct and design-manage 
approaches enable contractor personnel to be involved in the pre-construction phases and 
to provide input to constructability.  
 
In the Jabotabek railway development project constructability is initiated in the conceptual 
planning phase, particularly when evaluating the feasibility of individual projects. About 50% 
of the project team meeting during the conceptual planning phase as well as during the 
design phase included discussion of constructability issues. Experienced construction 
personnel were employed, through the project management consultant, to provide advice 
on the feasibility of project budget and schedule as well as evaluating the conceptual project 
layout. In addition, a team of experts appointed by the Department of Transportation is also 
involved in evaluating these issues. They all report directly to the project manager. 
 
In the construction of the 16km fuel pipeline, KPC initiated constructability during the 
conceptual planning phase. About 60% of the project team meeting during this phase 
included discussion of constructability issues. During the design phase about 50% of team 
meetings included discussion on constructability. About 10% of the project team meeting 
was devoted to constructability. The construction contractor was engaged to provide 
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construction input as early as the conceptual planning phase. Other sources of 
constructability inputs were the owner’s representative and the design consultant. 
Experienced construction personnel from within the company were involved in providing 
input on the feasibility of the project budget and schedule as well as the conceptual project 
layout. They reported to the project sponsor.  
 
4.2 IMPLEMENTATION OF CONSTRUCTABILITY  
During conceptual planning all respondents stated that in developing their project execution 
plan they included constructability, and that the project schedules were construction 
sensitive. All respondents considered various external factors, eg site conditions, financial 
policy, socio-political influences, political influences, and environment in their project 
planning. Other constructability activities that all respondents performed in their projects 
were giving consideration to pre-assembly/pre-fabrication and using construction input to 
develop conceptual site layout.  
 
Constructability activities that were performed by three of the four respondents were 
considering major construction methods in developing basic design approaches and using 
construction input to develop a risk management plan. The main construction method was 
not considered in developing the basic design approach for the project components 
included in the case study of the Jabotabek railway project.  
 
In the Jabotabek railways project and the KPC 16-km fuel pipeline project, early 
construction input was not used in formulating contracting strategy. In the Jabotabek railway 
project, early construction inputs were used to assess labour capabilities.  
 
During the design phase, 3D-CAD has not yet been used in any of the projects in an effort 
to avoid physical interference, and no constructability consultant was engaged in the 
projects. As described in the previous section, either in-house construction personnel or the 
main contractor provided constructability inputs. In designing the 16km fuel pipeline, KPC 
made safe construction a priority in the project design.  
 
The respondents were also asked about how they procured the construction works as well 
as major equipment. Those issues include: preparing the work packaging; considering 
schedule effectiveness of past projects in selecting vendors or subcontractors; identifying 
critical pieces of equipment on drawings and vendor data that should be monitored closely; 
consulting constructor to determine any equipment requiring special rigging procedures 
and/or additional cranes; having major vendors participate in the constructability effort; and 
considering local content requirement for materials and equipment. Most respondents 
responded yes to all questions except the participation of major vendors in the 
constructability effort.  
 
As the Jabotabek railway project delivered using the traditional approach, the design was 
100% completed at the time the construction contract was awarded. The other project was 
delivered using the design-construct approach, where the project design was still 
progressing when the construction works were awarded. Informal constructability plan 
reviews were performed in all projects in the case studies. In these reviews, appropriate 
lessons-learned from previous projects were also evaluated. In the Jabotabek railway 
project, the reviews were conducted monthly during the design-procurement phase by the 
project management consultant. In the KPC 16km fuel pipeline, the constructability plan 
reviews involved riggers, construction supervisors and the project manager.  
 
The traditional approach to the project delivery in the Jabotabek railway project prevented 
the owner and designer from obtaining constructor input in the design. In the other project, 
the constructor was consulted to provide construction input in the design. By integrating the 
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contractor’s input, the construction activities are better understood by the construction 
supervisors as well as the labour force. This condition leads to better project performance, 
as the construction operation becomes more efficient and potential reworks can be 
identified and avoided. 
 
When asked about innovative construction methods, the respondents mostly referred to pre-
assembly or pre-fabrication methods in construction. Labour-intensive methods were used 
in some parts of the projects in all the case studies. In the Jabotabek railway project, labour-
intensive methods were used particularly for project components that had railway 
construction component. KPC used non-skilled labour for repetitive jobs and trained the 
labour force to do these jobs. Supervision training for sub-contractors’ foremen was 
conducted for this method of construction. 
 
4.3 PROJECT PERFORMANCE  
To measure the performance of the projects included in the case studies, the respondents 
were asked whether they encountered any of the construction problems. One of the project 
components of the Jabotabek railway project (A) included in this case study was the 
construction of train operation control systems for the western and eastern line, and 
establishment of a train dispatching system. The main constructability problem encountered 
in this project was the untimely delivery of engineering documents, especially when 
involving other government institutions. Another problem that was faced during the 
construction period was the problem with physical interferences. However, this problem was 
considered minor. In the 16km-fuel pipeline project (C) built by KPC, the only significant 
difficulty encountered during the construction period was with the nominated sub-contractor.  
 
The construction of the train operation control system of the western and eastern lines, and 
establishment of a train dispatching system project component of the Jabotabek railway 
project was completed within the initial schedule and budget. The full knowledge of the 
scope of project may have contributed to this performance. However, project safety was 
considered low. About 2% of the total construction cost was spent on changes/reworks, and 
unanticipated field engineering or design support was about 5% of total design man-hours. 
The 16-km fuel pipeline project was completed within the contract value of US$ 2.1 million 
and within the 9-month schedule. The safety record for this project was considered above 
average. The percentage of the total construction cost spent on changes/rework was about 
1%. 
 
The most common barriers to constructability encountered in these case studies were poor 
appreciation of the importance of constructability and the lack of qualified personnel. 
Another common barrier was the coordination during the planning and design phases. 
 
5.0 CONCLUSIONS  
Improvement in constructability has been implemented informally by different construction 
project stakeholders in Indonesia, as part of other project or construction management 
activities such as value engineering, project quality plans and risk assessment programs. 
Constructability is initiated as early as the conceptual planning phase by including 
discussion on constructability issues in the project team meeting. At project completion, 
lessons-learned from the projects are usually included in the project final report. Those 
lessons-learned are used as reference for future projects. Project coordination meetings 
and project management training are the methods that have been used to communicate 
these lessons learned. 
 
Improving constructability of the projects can lead to considerable savings in both project 
cost and time as well as improvement in project quality and safety. However, there are 
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some barriers in implementing improvement in constructability, particularly lack of 
awareness or appreciation of constructability issues and lack of qualified personnel. 
 
The method of constructability input is determined by the project owners’ selection of project 
delivery approaches. Any project stakeholders can provide constructability inputs. However, 
involving contractor personnel early in the project can identify major problems that may be 
encountered during the construction phase and leads to the greatest improvements in 
project performance. 
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